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Abstract
In spite of the growth in the body of green supply chain management, it is still difficult to understand the environmental sustainability practices
involved in supply chain management (SCM) activities. This is an interdisciplinary field and the scope of GSCM practices is broad covering
from green purchasing to integrated life-cycle management. This paper focuses on upstream supply chain management activities, which are
usually responsible for diffusing environmental sustainability practices across the supply base. Therefore, peer-reviewed papers focused on the
diffusion of environmental sustainability practices across manufacturing supply chain base are examined. It is found that this diffusion is
sharply related to the purchasing, performance assessment and collaboration. These upstream activities are affected by internal functions and
the maturity level of environmental and culture of organisation. In addition, upstream SCM activities are better designed taking into account the
characteristics of products and processes, mainly in terms of the inputs and outputs environmental aspects. This research can help manufactures
to access example of environmental sustainability practices commonly reported in supply chain management field.
© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
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1. Introduction
The search to reduce the environmental burden and to in-
crease the inter-organizational shared responsibility are core
purposes of green supply chain management (GSCM) [1,2].
As a consequence, environmental sustainability practices have
been taken into account in the most traditional supply chain
activities, such as purchasing and materials management,
performance assessment and distribution.
In spite of the growth in the body of GSCM, it is still diffi-
cult to understand the environmental sustainability practices
involved in supply chain management (SCM) activities. First-
ly, this is an interdisciplinary field; hence both internal activi-
ties in a cross-functional approach and external activities are
involved in GSCM. Secondly, the scope of GSCM practices is
broad covering from green purchasing to integrated life-cycle
management [3]. Actually, upstream and downstream in the
green supply chain have a clear direct resonance with the
product life cycle [4].
This paper focuses on upstream supply chain management
activities, which are usually responsible for diffusing envi-
ronmental sustainability practices across the supply base.
They are also considered the ways by which suppliers are
engaged to reduce waste and preserve the natural resources
[5] and to reach higher levels of sustainability [6]. In addition,
environmental sustainability practices across upstream SCM
are linked to input and output-oriented environmental factors
[7]. For example, input-oriented factors include energy (con-
sumption and source – renewable or not), natural resource and
materials, water (quality and demand) and output-oriented
factors are related to waste and pollution.
In this context, three core activities of upstream SCM are
taken into account, namely purchasing, performance man-
agement (supplier facing) and collaboration. Therefore, this
paper reports on the analysis of environmental sustainability
practices across upstream supply chain management. In the
forthcoming section, the method of the systematic review
adopted in this research are presented, followed by the results
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and discussion on the environmental practices adopted in
upstream SCM activities.
2. Method
A systematic literature review (SLR) was conducted based on
Tranfield et al. [8]. SLR follows a pre-determined explicit
method which must be replicable, transparent, and scientific
[9].
To cover a representative number of materials, two groups of
key-words in line with social and environmental sustainability
issues “sustainab*”, “environment*”, green, “industrial ecol-
ogy”) and SCM (“supply chain”, “value chain”, network,
relationship, "collaborat*", “co*operation”, performance,
purchasing, procurement) was used to construct search strings
with the Boolean connectors “and”. The strings were then
used to search materials between the periods 1992 to 2013 in
electronic databases. Six databases were selected, namely
Scopus, Web of Science (Isi), EBSCO (Business Source
Complete, Environment complete and GreenFILE) and ABI.
Between October and November 10th 2013, papers were
searched using the “all fields”. This search was based on all
possible combinations between those two groups of key-
words. Taking into account the high volume of materials it
was considered reasonable to narrow the search due to quality
of contribution just to include only peer-reviewed scientific
papers in English.
The title and abstract were read using explicit inclusion and
exclusion criteria in order to select relevant papers. Specifical-
ly, the paper needed to provide any insight to the relationship
between the focal company and member(s) of the supply
chain of the manufacturing base in terms of the diffusion of
environmental sustainability practices. Papers were excluded
when they did not cover this relationship within SCM domain.
Other exclusion criteria were: opinion of stakeholders on
sustainability and outsourcing, public purchasing and services
supply chain (bank, hotel, supermarket, hospital, education,
supply of water, e-market) and supply chain security.
3. Upstream supply chain activities involved in the
diffusion of environmental sustainability
3.1. Purchasing management
Activities involved in purchasing play an important role in
addressing environmental sustainability practices across sup-
ply chain, for example in ensuring compliance with sustaina-
bility criteria [10] as well as in influencing environmental
supplier´s behavior [5]. In addition, purchasing might influ-
ence the size of the overall environmental footprint of a com-
pany [11].
Many authors present a variety of activities involved in
purchasing management. For example, selection, evaluation
and supplier development, were pointed out by Walton et al.
[11]. Besides these three activities, Zsidisin and Siferd [12]
considered in-bound distribution, packaging, recycling, reuse,
resource reduction, and final disposal as purchasing activities.
Igarashi et al. [13] considered in turn some purchasing proce-
dures, namely: identification of needs and specifications, for-
mulation of criteria, call for trends, qualification, final selec-
tion and evaluation of performance. Koplin et al. [14] also
included the evaluation process of the compliance degree of
the selected requirements.
Therefore, three activities in purchasing management are
considered in this paper, namely: supplier’s requirements and
criteria definition, supplier´s selection process, and supplier´s
monitoring.
3.1.1. Suppliers´ requirements
The establishment of minimal requirements and selection
based on an evaluation is a way to guarantee that the suppliers
act according to a set of standards [15]. Igarashi et al. [13]
proposed that the requirements for suppliers´ selection are
divided in categories: criteria focused on the product charac-
teristics and organisation/process. In general, organisation
criteria are more commonly adopted to qualify supplier, while
product criteria are used in the final stage of selection. One
common point for both products and process is related to the
compliance with laws. Actually, this is an initial practice that
covered both environmental and health and safety legislation
[13]. Another important aspect for both categories is a good
understanding of suppliers operations [16].
In addition, the requirements defined to select suppliers are
linked to input and outputs-oriented environmental aspects
[7]. Input-oriented factors usually include resource and out-
put-oriented factors are related any sort of pollution (air emis-
sion, waste, wastewater, etc.).
In order to have a clear comprehension of the environmen-
tal practice as a requirement for selection of suppliers, these
practices are sorted using the categorisations presented by
Igarashi et al. [13] (Product or process) and Brandenburg et
al. [7] (Inputs and outputs) (Table 1). For example, some
practices focused on both four categories, such as Life Cycle
Assessment (LCA) studies on materials, environmental poli-
cy. These practices covered both the process and products
characteristics and elements related to inputs and outputs
environmental aspects.
On the other hand, Environmental Management System
(EMS – ISO 14001) is more related to process – inputs and
outputs. However, one issue involved with management sys-
tem as a minimal requirement is whether it will be requested
as a certified system or not. The certification is conducted by
a third-party company (Accreditation) according the specifi-
cation of standards like ISO 14001 (communicated policy,
records of performance against compliance issues, programme
for improvements and regulars internal and external audits)
[4]. However, the process to seeking EMS certification is an
expensive mainly when taking account the size and profit of
suppliers [17].
Interestingly, in a survey conducted by Holt [18] in 149
small, medium and large UK companies, just 7.78% of the
sample believe that suppliers must have their EMS certified.
Actually, ISO 14001 was established to qualify suppliers in-
stead of an excluding factor (final selection). On the other
hand, Darnall [19] found that 346 small, medium and large
certified US companies were more active than un-certified
companies in terms of working with their supply network.
The main environmental practices reported were instituting
procedures to assess suppliers, requiring suppliers to minimise
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their environmental impacts, and tracking waste in their oper-
ating systems [19].
Table 1. Sort of environmental practices as a requirement for supplier selec-
tion.
Environmental requirements Categories SomepapersInputs Outputs Process Product
Compliance with Laws x x x x [20]
Level of contaminants Hazardous mate-
rials, components or substances x x x x
[4]
Environmental Policy x x x x [13]
EMS - ISO 14001 certified x x x [21]
EMS - ISO 14001 not certified x x x [22]
Environmental management programme x x x [23]
Energy source (e.g. renewable energy) x x x [24]
Waste management (source reduction,
prevention pollution and disposal) x x
[25]
Reduction of GHG x x x [26]
Providing eco-design specifications x x [3]
Packaging – Material, minimizing and
Recycling x x x
[27]
Recyclable materials x x [28]
Renewable resource x x [29]
Recyclable pallet x x [30]
Eco-labelling x x x [31]
LCA x x x x [32]
Second-tier supplier environmental
performance evaluation x x x x
[14]
Finally, the poor development of environmental require-
ments for suppliers‘ selection can cause some problems for
both suppliers and focal companies (transactional cost, behav-
ioral uncertainty, difficulty in verifying whether compliance
with agreements has taken place) [33]. In addition, this might
cause problems related to the understanding of requirements
by suppliers [34].
3.1.2. Supplier´s selection process
The availability of environmental information on suppliers
can facilitate the selection of suppliers with high environmen-
tal performance [35]. The literature suggests that the analysis
of information has been made by both self-information by
suppliers and well-structured processes. In self-information,
suppliers usually present written evidence of demands from
focal companies, such as questionnaires [4] and self-
declaration on compliance with focal company´s requirements
[9]. Questionnaires are probably the most traditional way
adopted by supplier’s selection process. It is relatively easy to
elaborate and the application is not expensive [36]. However,
in some case, suppliers have been challenged to answer dif-
ferent focal companies or buyers companies at the same time.
Some sectors have developed standard environmental ques-
tionnaires to assess suppliers, such as Computer Industry
Quality Council [36].
Regarding the well-structured process, they are based on
on-site visits, audits and on-site inspections to check the pro-
cess and the compliance with regulation associated [24]. Au-
dits are recognised as a systematic reliable tool for control of
compliance and basic environmental management [37] as well
as can reduce the risk from suppliers [38]. However, the lack
of resource limits the application in supplier´s selection, so it
has been applied more commonly within strategic suppliers,
in long term relationships [37].
On the other hand, there is more evidence for the using of
the combination of questionnaires plus complementary docu-
ments (i.e. licenses, authorisations, reports of the level of
treatment of industrial wastewater). In addition, visits to ana-
lyse the processes and materials, including chemicals and the
environmental regulation associated [11,24]. Based on the
analysis of questionnaires, documents or visit reports, suppli-
ers will be classified and selected.
So, after qualifying the suppliers and checking the level of
compliance with requirements, some instruments to guarantee
the transaction between buyers and suppliers are usually
adopted. These instruments are classified in two categories:
formal and informal [9]. Formal instruments are more accept-
ed in the circumstance of risks or uncertainty as well as when
new relationships are established. So, contracts and standards
are some examples. On the other hand, informal instruments,
such as values, schema and culture, as well as norms, are
more common in established relationships [9].
Therefore, the availability and reliability of environmental
information from suppliers might facilitate the selection pro-
cess. In this way, it is necessary to adopt some practices to
have a reliable process.
3.1.3. Monitoring
Monitoring is a process to control suppliers, including ac-
tivities of gathering and processing suppliers information [39]
in order to check how well the supply complies with select
requirements [40]. Different approaches for the data collec-
tion have been observed, which arise from reporting, surveys,
audits to the integrated information system. The analysis of
reporting was highlighted by Srai et al. [41], who stated that
sustainability reporting is the practice of measuring, disclos-
ing and being accountable to internal and external stakehold-
ers for organisational performance towards the goal of sus-
tainable development.
Conducting surveys has been mentioned by some authors
as a practice to monitor suppliers [37]. For example, Sony
(Japanese electronics company), conducts detailed surveys of
its supply in order to understand suppliers’ environmental
performance, the use of harmful substances, the use of recy-
clable materials and waste management including recycling of
packing and final disposal of materials [38].
Monitoring the follow-up certification of EMS was pre-
sented by Vachon and Klassen [3] and Walton et al. [31] who
investigated package and furniture industry, respectively.
Audits were also the common practices considered in the
monitoring involved in the purchasing process [34].
The use of an integrated information system, for instance a
sharing database facilitates a mutual learning and the ex-
change of information between members of a supply chain.
$FWXDOO\ WKH FRQVWDQW H[FKDQJH RI LQIRUPDWLRQ LV EHQH¿FLDO
for all supply chain partners [42], mainly in terms of perfor-
mance management and fostering greater environmental col-
ODERUDWLRQ >@ ,QDGGLWLRQ LW LVQHFHVVDU\ WRGH¿QHDQG LP
plement common interfaces. Wittstruck and Teuteberg [42]
found out some software which had been commonly used
across German electric and electronic industry, such as SAP
GRC, Emos, Movex, and Gipa. Crotty [43] reported the use of
International Materials Data System database by UK automo-
tive manufactures. The use of this database allowed the OEMs
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to identify all materials used within their current production
process.
3.2. Supplier´s performance assessment
To extend sustainability across the supply chain it is neces-
sary to adopt the appropriate performance measurement sys-
tem to identify what actions are needed [44]. In this context,
suppliers´ performance management allows focal companies
to evaluate a supplier’s performance, compare it with the
performance of other suppliers, and provide suppliers with
direction for improvements [33]. This can include, for exam-
ple the reduction of costs, disruptions in the supply system
and environmental risk [38]. However, one challenge for
these processes to assess performance as well as to develop
suppliers in environmental management practice is to carry
out these processes without incurring high transaction costs or
disrupting the flow of production [33].
The literature shows a lack of consensus in regard to met-
rics and KPI´s in GSCM performance assessment as well as
the effect of the diffusion of specific environmental sustaina-
bility practice across supply chain in the overall performance
of a focal company. For example, Schmidt and Schwegler
[45] propose the concept of cumulative eco-intensity with
which environmental or sustainability indicators are related to
the added value of economic activities. The model is based on
the concept of cumulative eco-intensity, which takes into
account environmental impacts and economic elements such
as quantity of materials supplied, turnover and price.
Hervani et al. [1] provide an overview of the various issues
related to environmental supply chain management perfor-
mance measurement. This study was one of the first studies
which focused on metrics and measures (e.g. GRI), design of
indicators (e.g. EMS and ISO 14031) and design and evalua-
tion of green supply chain management performance tools
(analytical hierarchy process; balanced scorecard). In addi-
tion, strategies to implement and report and communicate
results were presented.
Hassini et al. [29] suggest a composite indicator system to
summarise complex and multi-dimensional indicators. Three
dimensions of sustainability and four supply chain partners
(suppliers, manufactures, distributor, retailer and customers)
are involved. Sub-indicators are figured in each partner. These
sub-indicators are then aggregated to form a supply chain
composite indicator. However, the paper just gave this general
overview without focusing on examples of KPI’s.
In addition, some surveys have assessed how GSCM af-
fects the corporate performance of a focal company, such as
[3,5,39,46]. However, different environmental sustainability
practices were considered, such as eco-design, EMS certified,
EMS not certified, eco-labelling, and the waste management
plan.
Table 2 shows some examples indicators and some practic-
es related to suppliers´ performance assessment. Basically,
some general practices of performance management were
observed, such the use of audits, reports to conduct the as-
sessment as well as performance tools, such as eco-efficiency,
ISO 14031 and carbon footprint. Environmental sustainability
KPI’s are related to inputs and outputs environmental aspects.
Table 2. Performance management and KPI´s for supplier´s assessment.
Topics Indicators / practices Somepapers
Performance
management
Audit [15]
ISO 14031 [31]
Eco-efficiency [47]
Balance scored card [1]
GRI [48]
LCA [49]
Carbon footprint [50]
Suppliers’ process certification [38]
KPI´s (environ-
ment)
Material intensity [51]
Resource (use, transparency and inventory) [41]
Water quality and consumption [7]
Energy [16]
Hazardous substances use
[52]Wastewater
Waste – disposal, reduction
Carbon [53]
Fuel usage
[54]Waste PackagingSoil degradation
Noise
Costs of environmental inputs and outputs [3]
3.3. Collaboration
Collaboration includes direct engagement between the var-
ious levels of the supply chain, in which the focal company
commits itself to the improvement of its suppliers environ-
mental performance [39,42]. Vachon and Klassen [39] con-
sidered two essential characteristics of the collaboration: it is
a process of internalization of own environmental practices
across supply chain, and potentially capture the added value
by the decrease of environmental impact.
However, the adoption of collaborative practices depends
on certain aspects. Firstly, a closer relationship with suppliers
is needed and is beneficial for the successful outcomes of
projects [37]. In addition, Kogg and Mont [10] highlighted the
need of relative power from focal company to engage its sup-
pliers and the selection of products categories. The size of
supply chain base was pointed out by Vachon and Klassen
[39]. According to them, smaller supplier base facilitated
greater environmental collaboration. Finally, investment to
improving supplier’s sustainable performance is associated to
tooling, equipment and organizational procedures that are
uniquely tailored to the relationship with an individual suppli-
er. This might represent a strong disincentive to change sup-
pliers [33].
Some case studies of collaboration were found in the litera-
ture. General Motors started a programme to help its suppliers
to improve energy efficiency and materials utilization, and to
reduce pollution in 1996 [36]. After that, a group with eight
key-suppliers was formed to explore ways that GM could
work effectively with suppliers to integrate environmental
concerns into the design, sourcing and manufacturing pro-
cesses. This group had identified opportunities for collabora-
tion among GM and its suppliers on EMS, design for envi-
ronment, and environmental metrics throughout the supply
chain [36]. Hyundai motors requested all first tier suppliers to
implement and certify an EMS - ISO 14001 in 2003. The
company supported suppliers by training, workshops and
frequently meetings. After five years, the number of suppliers
certified increased dramatically, growing from 34% in 2003 to
99% in 2008 [50].
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Tables 3 points out some environmental sustainability
practices adopted in collaboration with suppliers. The focus
given was to implement some improvements into process,
product and general activities. Pollution prevention and EMS
- ISO 14001 were the most common practice reported with
focus on process. In terms of collaboration with focus on
product, LCA and design for environmental were substantial-
ly reported. Finally, training with purchasing staff of focal
company and suppliers staff was a common practice in gen-
eral activities.
Table 3. Environmental sustainability practices adopted in collaboration
activities
Focus Practices Somepapers
Process
Comply with environmental regulation [11]
Reduce harms releases on environment [12]
Development of environmental planning [39]
Adoption of Environmental metrics [36]
Pollution prevention and Reduce waste [25]
Technologies to reduce emissions [46]
Clean technology
[55]Packaging waste reduction
Recycling
ISO 14001 [24]
ISO 14001 certified [52]
SA 8000 [15]
Conduct codes [15]
Ethical and human right [30]
Products
LCA [7]
Design for environment [56]
Reduce hazard substances of materials [11]
Package improvements [50]
Integration between suppliers’ designers and focal
company engineers
[38]
General
activities
Training with Purchasing staff of FC and suppliers staff [19]
green supplier development [57]
Technical support [57]
Workshop and seminar – business partners [58]
Suppliers recognition and Awards [55]
Integrated databases [14]
Business improvement process (based on Metrics and
annual reports)
[41]
4. Discussion and conclusion
This paper has provided a comprehensive review on how
environmental sustainability practices are diffused across
supply chain base through the three core upstream supply
chain management activities – purchasing management, per-
formance assessment and collaboration.
Selected environmental requirements are established in or-
der to qualify and pick out suppliers. These requirements are
essentially influenced by specific inputs and outputs environ-
mental aspects of the processes and the products (e.g. water
and energy consumption, GHG emissions, etc.) [7]. In addi-
tion, the definition of these requirements is related to the envi-
ronmental stance and culture of focal companies. In this
sense, the focal company must comply with these require-
ments firstly before it requests its suppliers to comply [14].
Actually, a lack of internal consistency will lead to lower
perception and motivation for suppliers to adopt environmen-
tal sustainability practices [59]. Finally, the poor design of
environmental requirements might be difficult to assess the
compliance with the selected requirements. In addition, trans-
actional cost and uncertainties in terms of supplier’s behav-
iour might be increased.
In line with performance assessment, reports (e.g. GRI),
studies (e.g. LCA, Carbon footprint), measurement of KPI’s
(e.g. Eco-efficiency, ISO 14031) are the most environmental
sustainability practices adopted. There is a strong effort to
assess if environmental practices affect the overall perfor-
mance of the focal companies. However, different environ-
mental practices have been taken into account. In order to
have a better diffusion of environmental practices, it is ex-
pected a well-structured system to gather and share reliable
information with a clear definition of KPI’s (overall related to
the minimal requirements and inputs and outputs environmen-
tal aspects of processes and products).
Finally, the diffusion of environmental sustainability prac-
tices is strongly influenced by the level of collaboration. This
activity essentially focuses on environmental improvements in
terms of processes and products. It is generally helped by
training, technical support and the use of integrated databases,
especially in order to share knowledge. Collaborations with
strategic partners are more common but not always adopted.
In summary, the diffusion of environmental sustainability
practices across supply is sharply related to the purchasing,
performance assessment and collaboration. These upstream
activities are affected by internal functions and the maturity
level of environmental and culture of the organisation. In
addition, these activities are also better designed taking into
account the characteristics of products and processes, mainly
the inputs and outputs environmental aspects.
It is important to consider purchasing, performance as-
sessment and collaboration to diffuse environmental sustaina-
bility practices across supply base. As a consequence, a better
design of clear alignment of requirements with environmental
strategy of the focal company might be done. In addition, the
compliance with these selected requirements and the overall
environmental performance of suppliers might be assessed.
Based on that, sound decisions on priorities to improve the
environmental performance of suppliers by collaboration
might be made.
Future work should focus on empirical studies of the inte-
gration of purchasing, suppliers´ performance assessment and
collaboration with suppliers in order to understand how to
strengthen the relationship with suppliers.
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